In this study, we analyzed the structures of complex type N-glycans linked to glycoproteins in mature red tomato to determine the relative ratio of high-mannose type structure and complex type structure. Structural analysis of pyridylaminated N-glycans revealed that the truncated plant complex type structure accounted for about 70% of total conjugated N-glycans, while the high-mannose type structure accounted for about 22%.
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In a previous study, 1) we found that the amount of high-mannose type free N-glycans increased significantly during tomato fruit ripening, while the total endo--N-acetylglucosaminidase (ENGase) activities in the fruits did not vary significantly during the ripening process. Furthermore, structural analysis of high-mannose type N-glycans linked to matured glycoproteins revealed that the amounts and structural features of the high-mannose type N-glycans linked to glycoproteins did not account for those of free N-glycans occurring in mature red tomato fruits, suggesting that endogenous substrate for tomato ENGase 2) is misfolded glycoprotein accumulated in the cytosol. On the other hand, during structural analysis of high-mannose type N-glycans linked to glycoproteins, we also analyzed plant complex type N-glycans to determine the occurrence ratios of the high-mannose type to plant complex type in red mature tomato. Here, we describe the structural analysis of plant complex type N-glycans linked to glycoproteins expressed in mature red tomato fruit.
Although a structural analysis of N-glycans of glycoproteins in tomato fruits has been reported by Zeleny et al., 3) in their analysis, they prepared Nglycoproteins as an ammonium sulfate precipitate from extract of tomato fruits, suggesting the possibility that membrane or water-insoluble glycoproteins were not analyzed. It has been reported that Lewis a epitopecontaining N-glycans were not found among glycoproteins in Ginkgo biloba seeds prepared as an ammonium sulfate precipitate, but that antigenic oligosaccharides were found among the glycopeptides prepared by pepsin digestion of total extract of the seeds. 4, 5) In this study, we prepared N-glycans from glycopeptides obtained by pepsin-digestion of total tomato extract. Mature red tomato (about 600 g, Kagome KGM 993, Kagome Co., Japan) were homogenized in water and the pH was adjusted to about 8.5 with 0.1 N NH 4 OH to suppress ENGase, peptide:N-glycanase (PNGase), and -mannosidase activities. After centrifugation (10;000 g for 20 min) to exclude debris, the resulting cloudy supernatants were dialyzed against deionized water (6 liters) to remove free oligosaccharides. Formic acid was added to the dialyzate to 5% as final concentration, followed by the addition of pepsin (100 mg), and the reaction mixture was incubated at 37 C for 2 d. After incubation, the reaction mixture was dialyzed against deionized water (6 liters). The resulting outer solution containing (glyco)peptides was concentrated to a small amount in vacuo and applied to a Dowex 50 Â 2 column (2:8 Â 30 cm). The column was washed with 0.1 N formic acid, and the bound peptides were eluted by the addition of 5 volumes of 0.1 N NH 4 OH. The glycopeptidecontaining fraction was concentrated and lyophilized. Pyridylaminated N-glycans were prepared from the glycopeptide fraction, as described in a previous paper, 1) and plant complex type N-glycans were prepared as a run-through fraction on Con A-Sepharose affinity chromatography. 1) In the purification of plant complex type N-glycans, PA derivatives recovered in the run-through fraction of Con A affinity chromatography were subjected to RP-HPLC using a Cosmosil 5C18-AR column (10 Â 250 mm, Nacalai Tesque, Kyoto, Japan). The PA-sugar chains were eluted by increasing the acetonitrile concentration in 0.02% TFA/water from 0 to 7% for 60 min at a flow rate of 1.5 ml/min. As shown Fig. 1-I , several PA-derivatives were separated on the column, but it was confirmed by ESI-MS analysis that only five peaks (a-e) contained complex type N-glycans. PA derivatives that appeared at about 25 min were byproducts bearing one GlcNAc residue at the reducing end, derived by peeling reaction during hydrazinolysis, as described by Kobata et al. 6) These five PA-sugar chains (a, b, c, d, and e) were further analyzed by SF-HPLC using a Shodex Asahipak NH2P-50 column (10 Â 250 mm, Showa Denko, Tokyo, Japan). The PA-sugar chains were eluted by increasing the water concentration in a water-acetonitrile mixture from 26 to 50% linearly for 60 min at a flow rate of 1.5 ml/min. As þ ). The occurrence of these plant complex type N-glycans as a major component suggests clearly that a majority of the N-glycans linked tomato glycoproteins are exposed on the surface of the protein molecules and are fully processed by the processing -mannosidases and three glycosyltransferases (-FucT, -XylT, and -GlcNAcT).
The structures of the N-glycans linked to glycoproteins in the mature red tomato fruits are summarized in Table 1 . As described in a previous report, 1) highmannose type N-glycans, which can be the endogenous substrate for ENGase, account for only 22.4% while complex type N-glycans account for 77.6% of total N-glycans. The predominant occurrence of complex type N-glycans in the tomato glycoproteins agreed well with the results of a previous study, 3) but the relative amount of high-mannose type N-glycans in this study was much higher than a previous result (5.4% occurrence), 3) suggesting that high-mannose type N-glycans are linked to many insoluble glycoproteins, including the membrane glycoproteins, rather than to the soluble glycoproteins recovered as ammonium sulfate precipitates. Almost all the complex type N-glycans are of the truncated type, including Man 3-2 Xyl 1 Fuc 1 GlcNAc 2 and Man 3-2 Xyl 1 GlcNAc 2 , and no Lewis a epitope-containing complex type structures were found in this study or in our previous study, 3) indicating that truncated complex type N-glycans are predominantly linked to both insoluble and soluble glycoproteins. In several previous papers, 5, 7, [9] [10] [11] [12] it has been reported that secreted plant glycoproteins usually carry a biantennary complex type N-glycan, such as GlcNAc 2 Man 3 Xyl 1 Fuc 1 GlcNAc 2 . Thus the predominant occurrence of truncated type complex type N-glycans suggests that the acidic exoglycosidase activities (-mannosidase and -GlcNAcase) involved in the turnover of complex type N-glycans must be intense for the complete maturation of tomato fruits. We have recently purified an -mannosidase that prefers a truncated type structure to highly-branched high-mannose ones (Man 9-8 GlcNAc 2 ) in mature-red tomato fruits, 13) indicating that truncated complex type glycans linked to glycoproteins may be direct endogenous substrates for the -mannosidase in the catabolism process of glycoproteins during fruit maturation. I, RP-HPLC profile using a Cosmosil 5C18-AR column (10 Â 250 mm). The PA-sugar chains were eluted by increasing the acetonitrile concentration in 0.02% TFA/water from 0 to 7% for 60 min at a flow rate of 1.5 ml/min. II, SF-HPLC profiles of PA-sugar chains obtained as in I above on a Ashahipak NH2P-50 10E column (10 Â 250 mm). The PA-sugar chains were eluted by increasing the water concentration in the water-acetonitrile mixture from 26 to 50% linearly for 60 min at a flow rate of 1.5 ml/min. 
